Abstract. The article deals with the modelling of gyroid structure as a base of lightweight component produced by additive technology. Gyroid is one type of so called porous structure that can give to the product extraordinary combination properties such are high strength, stiffness along with low weight and good absorption of energy. This is a reason, why they are widespread not only in mechanical, aerospace or automotive industries, but also in biomedicine. In mechanical engineering, it is possible to produce the gyroids by some of modern additive technologies, because the complex surface of this type it is not possible to produce in another way. The basement of product, which is made by some of additive technologies, is virtual 3D model, so it is necessary to know how to generate it. Three approaches to the modelling have been presented in the article, including the description of the advantages or disadvantages of individual method. Well prepared model can be used not only for gyroid structure manufacturing, but also for simulation its behavior in real practice.
Introduction
The G surface or gyroid was discovered experimentally by Alan Schoen in the 1960's. It is the most ubiquitous triply periodic minimal surface (TPMS) found in physical systems, most likely due to its combination of local homogeneity and global homogeneity. A minimal surface is a surface which has a minimum area with zero mean curvature H = (k 1 +k 2 )/2 at every point, where k 1 and k 2 are the principal curvatures. A triply periodic minimal (TPMS) is a minimal surface which is periodic in three independent directions. When it is free of self-intersections it is said to be embedded. TPMS are described in terms of a fundamental patch or asymmetric unit from which the entire surface may be built up by its symmetry elements. [1] Omnipresent in the natural and man-made worlds, TPMS provide concise, unified descriptions of seemingly unrelated structures, and are of interest not only to the structural chemist, but also in biology and morphogenesis, structural engineering and the science of materials, and are echoed in art and architecture. Structural features of the G surface (also known as the gyroid) have been found by X-ray diffraction in bicontinuous cubic systems in AB diblock copolymers, in lecithin-water and lipid-water systems, and in many other systems at high surfactant concentrations. What is special about the gyroid is that it has no planes of reflectional symmetry and no straight-line segments lying on its surface. This makes the surface much more difficult to visualise. [2, 3] But what really makes the gyroid interesting is that it seems to appear in all sorts of natural places. Scientists recently announced in the Proceeding of the National Academy of Sciences that the beautiful iridescent colours in butterfly wings are caused by gyroids made of chitin and air. In the Fig. 1 is presented a wing scale photonic nanostructure that was inspiration of many lightweight products of contemporary application. [4] In mechanical engineering, it is possible to produce the gyroids by some of modern additive technologies, because the complex surface of this type it is not possible to produce in another way. One of these technologies is Direct Metal Laser Sintering (DMLS) technology. DMLS, also commonly referred to as 3D printing, is the process of building a three-dimensional (3D) structure or component from the ground up, usually layer by layer. Powder bed fusion is a process in which a powder layer is deposited on a building platform and a laser or electron beam used to selectively melt or fuse the powder. After melting, the platform is then lowered and the process repeated layer by layer until the build is complete. Unused powder is removed from build chamber and usually recycled depending on its condition. It is possible to produce several of the same, or totally different parts at the same time, using the same machine. There is no need for jigs and fixtures, no need for difficult calculations. [5, 6] 
Three Approaches to the Gyroid Structure Modelling
The gyroid structure can give to a final product extraordinary combination of properties such are high strength, stiffness along with low weight and good absorption of energy. They depend primarily on material, which is gyroid produced from, but the properties also depend on parameter so called "Volume ratio". This parameter expresses how many percent of the cell space is filled by material is so called volume ratio Vr of solid phase. It is given by equation (1): [7] (1)
The gyroid is triply periodic, what means that a small piece of the surface may be used to assemble the entire surface by taking a fundamental piece and translating copies in three independent directions in space. This method of gyroid structure modelling was used as the first approach to the 3D model creation as it is shown in Fig. 2 . Firstly, the based surface was created, after that the basic volume as a quarter of base cell was filled by solid volume. In next phase, this volume was patterned by rotation about three axes of coordinate system. It is possible to vary the size of basic cell, but as the disadvantage of this method can be considered the difficulty to control the volume ratio. Due to this reason, it was not used for next modelling of samples dedicated for production by DMLS technology. The second approach to the gyroid 3D model generation was based on more sophisticated method. The mathematicians have found out that it is possible to describe the gyroid surface with relatively sufficient accuracy by means of the equation 8
where factor a influences the size of basic cell and parameter t decides about cross section of the strut, what influences the relative density of structure.
Software MATLAB was selected to use this technique for gyroid structure creating, because it was only available software at authors´ workplace, where it was possible define a 3D surface by means of equation. The environment for the gyroid surface definition in software MATLAB is shown in the Fig. 3a . This approach was used for generation of gyroids surfaces with various volume ratios Vr. Geometrical data was sent to software NX, where the solid structures were prepared. After exporting volume data into *.stl format that is readable for the software used at production, the specimens for pressure tests (with the same sizes, but with different volume ratios) were printed using DMLS technology. They are presented in Fig. 3b . [8] a) b) Figure 3 . Gyroid surface definition in software MATLAB and specimens produced by DMLS technology [8] .
The disadvantage of the first method was solved by the second approach, because the gyroids with various volume ratios and with various size of basic cell could be produced. But there were many steps with data transformation at this second way of modelling. In the future, the model of gyroid should be use not only for samples production, but also for simulation of its behaviour in real practice. In this case, the geometry editing would be very difficult and time-consuming. However, many today´s CAD/CAM systems, which are suitable for CAD data preparing along with simulation, don´t have a tool for 3D surface creation. So, we have looked for the approach of gyroid modelling without equation, but with possibility to change volume ratio. The principle was found in following theory.
The gyroid lattice, at low relative density, can be idealized by a periodic framework of slender struts of circular cross-section. The location of the nodes, i.e. the lattice sites of the space group, are given by Luzzati and Spegt (1967) . The unit cell of the gyroid lattice, with principal directions aligned with the Cartesian coordinate system (x, y, z), is shown in Fig.4 . It has twelve struts and eight nodes.
The struts labelled 2, 4, 7 and 9 are aligned with the x-y plane; the struts labelled 1, 3, 5, 6, 8 and 10 are aligned with the y-z plane; and the struts labelled 11-17 are aligned with the x-z plane. [9] Figure 4. The unit cell of the gyroid lattice, with principal directions aligned with the Cartesian coordinate system [9] .
The gyroid structure is composed of multiple helices, connected with each other and oriented over several directions. If the connections between the helices are removed and oriented (for simplicity) along the x, y and z axes, a 3D isotropic model is obtained, as it is shown in Fig. 5. [10, 11 Based on the both principles, principle of slender struts and triple periodic helices, the 3D model in software PTC Creo was created. At the first view, it seems to be easy to use the method of struts and helices for structure modelling, but many aspects such are position, orientation, etc. needed to be considered at the third approach to the gyroid structure generation.
The process of modelling has started with the nodes and struts making. Their reproduction helped us to understand the strategy -how the perspective helices with the axes in three different directions x, y, z should be positioned and oriented. They are presented in Fig.6a by three different colours. Based on these trajectories, the helices were modelled. The spirals prepared according to the blue trajectory are shown in Fig. 6b . To be possible to influence volume ratio of gyroid structure, the diameter of helices has been controlled by relations (Fig. 6c) , while the climbing of helical sweeps affects the size of cell. 3D model of gyroid structures with three volume ratios are presented in Fig. 7 . Modelling of complex shape, what the gyroid at the first view is, so has become more simple and sophisticated. It can be used for various components preparing specified for many technical applications. 
Summary
The lightweight structures will be of great importance in the future not only in industry, but also in biomedicine. They will be used in many products and applications to improve the properties of solid components. Also, the technologies, known as additive technologies that are suitable for porous structures production, are still in development, so the manufacturing of these structures will be easier and easier.
The fundamental aspects of gyroid structure, related to the production by additive technology, have been referred in the article. Three approaches to the gyroids modelling have been presented and it will depend on a user, which of them will select. The third technique combine the advantages of previous two, because it can be used without necessity to define 3D complex surface by equation and on the other hand it is possible to control the volume ratio of solid phase in the structure by means of this method. This technique of modelling will also serve for finite elements method (FEM) analysis and virtual simulation of gyroid structure behaviour during next research, because after using of this approach to the modelling it is not necessary to transform geometrical data of 3D model into other formats for FEM analyses.
